Introduction
Hurricanes are one of the most formidable and threatening phenomena on Earth. They are forming over the warm water under combination of specific conditions. Therefore, they are not so often as one could expect: about 80 per annum with noticeable interannual variability. Very few TC are observed in the Southern Hemisphere and mostly in the Indian Ocean. The are never near equator which suggests importance of the Coriolis force, i.e. the rotation of the planet. TC s are seasonal phenomena, their season is from July to November in the Northern Hemisphere, mostly beginning of the autumn. Their tracks have pronounced pole ward component and coming to moderate latitudes they transform into ordinary cyclones. The description of TC from the synoptical point of view is presented well in the classical book by E.Palmen and C.W.Newton "Atmospheric Circulation Systems" [1] . TCs are important elements of the General Circulation of our Atmosphere bringing substantial amount of moisture and angular momentum into the middle latitudes.
TCs are destructive for humans: many ships sink when they happened to be under their action. At their landfall, they destroy much of the property and many people and life perish in general from high winds and massive precipitation often causing floods. Coastal areas are devastated by giant ocean waves. The single TC Katrine in August 2005 devastated New Orleans and many smaller towns in Louisiana, Mississippi and Alabama with overall damage of hundreds billions of US dollars. TC cause most of the damage of hydro meteorological extreme events and the price is increasing during last decades. Now the damage is several times larger than that from earthquakes, volcanoes and other geophysical phenomena. Only one historical TC in Bangladesh in 1975 took about half a million human lives. To diminish the damage the building construction codes have been developed, and should be observed and the warning systems must be in use for population on approaching TC. If similar systems would be in 1975 in Bangladesh the life toll there could be lesser by many times.
For the orientation in the physics of a TC one should look wide around onto our atmosphere for something similar. The base for a TC development is a substantial thermodynamic disequilibrium between the ocean surface water and the atmosphere as was visit clearly stated by Riehl [2] in 1950, and Kleinschmidt [3] in 1951.This means that the water must be warmer than the atmospheric air. This is observed during the colder seasons and explains the seasonality of a TC cycle. The very first quantitative condition was found in 1948 by Eric Palmen [4] and it was stating that the temperature of the water must be warmer than 26
www.intechopen.com The other conditions for such a development were first described by William Gray [5] . They are:
i. The static stability of the atmosphere must be small, i.e. the vertical temperature gradient should be close to the wet adiabatic one; ii. The tropospheric air about the planetary boundary layer should have enough moisture, otherwise the ascending air being entrained by dry air from above would not condense and the heat of condensation is the main fuel for TCs; iii. The vertical wind shear should be small, otherwise the hurricane column would be destroyed; iv. The surface waters should be warmer than the air of lower few meters (usually, the reference height is 10m); v. The upper mixed layer of the ocean (usually it is about 50-100 m) should be thick enough to supply the sufficient energy for a TC; vi. Ocean temperature, i.e. of UML, should not have large horizontal variation in order to supply the moving TC with necessary fuel.
These conditions should be quantified and that would be a content of the next Sections. [6, 7] . At the end of the latest review he concludes that the origin of TCs was still unclear and that it might be not just one way for their origin. To resolve the problem one needs more observations and their detailed analysis and numerical experiments with a kilometer resolution, not available in the early 2000s for the domains of a few thousand kilometers.
Let us consider hurricanes, TC and PL, as convection vortices in rotating fluids. The theory and extensive experimentation can be found in the book [8] and research papers [9] [10] [11] [12] . The first results are for the scales of velocity and area [9] [10] [11] [12] [13] [14] were obtained from dimensional analysis. For convection the main governing parameter is the buoyancy flux, which in a steady state is equal to the rate of the kinetic energy dissipation [15] it the Boussinesq approximation:
where g is the gravity acceleration, ρ the gas density, w prime signs mean fluctuations relative to mean state the vertical velocity component, T the gas temperature, g the water vapour mixing ratio, angular brackets mean statistical averaging
The moist gas thermodynamics is assumed [6, 7] here when the density of an air parcel is here equal to the sum of air and vapour densities:
where the ideal gas equation of state is assumed, a
, constants for a gas with molecular weight µ, e s is the saturation water vapour pressure whose dependence on the temperature is described by the Clapeiron-Clausius equation. The mixing ratio is related to the specific humidity e(T) as 0.622
where µ w =18.015 and µ a =28.97 are corresponding molecular weights for water vapour and air, p is the atmospheric pressure. The decrease of the air density, as compared with the dry air at the same pressure, is equal to 0.622 0.378 , 0.378
The thermodynamic disequilibrium between the ocean and the atmosphere is resolved in the process of the two media interaction by means of the momentum, heat and moisture fluxes. The study of these fluxes, especially at high winds, is still one of the main goals of the physical oceanography, complications are due to presence of the waves at the water surface.
The fluxes of the momentum, sensible and latent heat are described by the so-called bulk formulae [16] [17] [18] [19] :
where U is the wind velocity at the reference level 10m, . It decreases to 0.7 only occasionally. Emanuel [6] in his review used 0.75 r  . In this case the Bowen number the ratio of the sensible and latent heat fluxes, would be smaller by a factor 2 1 (1 ) 0.25
The formulae (4)-(6) follow from similarity considerations and are obtained by the analogy with a technical problem of a plate cooled by a colder air flow with velocity U. The coefficient c T in such a problem is known as the Stanton number [15] . It should be noted that under the modern instrumental precision [19] TE cc  in (5) and (6), i.e. these coefficients are assumed further to be equal.
Buoyancy flux
The buoyancy flux is described by eq.(1). Using the bulk formulae for sensible and latent heat, eqs. (5) and (6), we obtain from eq.(1).
1 0.622
Remembering that TE cc  , according to [17] [18] [19] , and taking into account eqs. (3) and (4) we re-write eq. (8) as
where g may be called the reduced gravity acceleration. Following [20] 
These expressions were obtained from the integration of the Clapeyron-Clausius equation by some approximations and are valid with the accuracy of a few hundredths of a percent in all practical ranges of atmospheric temperatures. One can find other formulae for the air humidity, but we use these ones in the calculations below. The difference in the first term in the square brackets in eqs. (10) and (11) is related to the fact that for water with salinity 34‰ the pressure of the saturated water vapour is 98% of the pressure over distilled water [18] .
The first formula (9) shows that the buoyancy flux is the product of the reduced gravity acceleration and the wind velocity. It has the dimension of power per unit mass. In statistically stationary conditions, i.e. in a steady state, this flux is, evidently, equal to the rate of generation and dissipation of the convective kinetic energy also per unit mass. This follows with the convective energy balance equation [15] . This does not hold in nonstationary conditions, e.g. the buoyancy flux in penetrative convection (see below section 4) decreases linearly with height, expending its energy to the lift and warm the air [21] [22] [23] .
Equation [9] determines the buoyancy flux over the water surface in the absence of condensation. Observations show that for TC, as well as for PL, the condensation starts forming clouds at levels of a few hundred meters (300-400 m) above the ocean surface. In TC the clouds rise up to the tropical tropopause of 15-18 km. In PL the cloud tops reach 5-6 km [24] . In this case there should not be a substantial error if we neglect the relatively thin subcloud layer and assume that the latent heat of condensation starts to be felt right at the water surface. In any case, the enthalpy flux leaving the water is just the sum of sensible and latent heats fluxes in the air. We can now rewrite eqs. (9) as
We introduce here the Bowen number, O B the ratio of the sensible and latent heat fluxes. Its inverse ratio is equal to 
where from in the tropics at T=300K, or 27 º C, and The fluxes of the sensible and latent heat, and therefore the buoyancy flux, depend on the wind speed U, see the bulk formulae and eqs. (9) and (12) .
The convective vortices are processing the ambient air by rising it up. These processes create high winds by concentrating the ambient angular momentum, which intensifies the convective vortices increasing the fluxes in its turn. The process is stabilized when the dissipation of the kinetic energy proportional to the cube of the wind and occurring mainly in the boundary layer [24] becomes equal to the rate of the energy generation [13, 14, 24] . These are highly non-linear processes but fortunately the situation can be described by invoking parameterizations depending on fluxes in consideration.
Scaling for steady vortices

Convection in rotating fluids
The average lifetime of TC is about a week, though one such vortex is known to exists for a month [25, 26] . A PL lives of order a day or even less [27] . The theory of convection for rotating fluids assumes the steady state and constant fluxes [8] [9] [10] . Therefore the theory gives the right scales for the winds and size at a steady state but even for the development stage it should not be much in error. 
where ω is the rotation rate and Θ is the latitude. Also an external length scale is present, e.g. the planetary radius R. From these three parameters determine a non-dimensional similarity criterium [9] which we take in the form
which happened to be the Rossby number [9] as we would see just in few lines. When Ro 1  the rotation is felt strongly. Now we suppose that the characteristic vortex sizes d are much less than R. From the two remaining parameters, b and l c , we construct the scales of length d, say, diameter of a TC, and velocity: Uc bl
where c 1 and c 2 are numerical constants determined experimentally [10] [11] [12] . It was found that 1 10 c  and 2 1.7 0.1 c  so 2 2 3 c  which we shall us later.
After combining eqs. (12) and (19) we obtain a relationship between the velocity and reduced gravity:
and the reduced gravity g is determined by the second eqs. (12) . The relationship (20) expresses the wind velocity in a hurricane through the parameters of the thermodynamic disequilibrium between the atmosphere and ocean.
Differences between TCs and PLs
The eqs. (18) times. As we will see later the reduced gravity at high latitudes is about twice of that in the tropics due to much higher static stability of the polar atmosphere than in the tropics and much lower Bowen ratio. Therefore to reach the hurricane winds of 33 m/s the reduced gravity is about twice or more than in the tropics. This reduces the size difference for TC and PL to about three times as it is in reality.
The enthalpy fluxes from the ocean to the atmosphere are of order 700Wm -2 or more at hurricane winds of TC, and for PL they may reach 1.5-2kWm -2 or even more. Such high fluxes were measured in winter near Newfoundland and east of Japan (private communications by Yu.A.Volkov and S.S.Lappo, early 1990s).In [13, 14] one can find special tables for both tropical and polar conditions for the reduced gravity, Bowen ratio, enthalpy fluxes and corresponding velocities 33 m U s  or higher at the ranges of polar temperatures at the sea surface of 0 to 8ºC, ΔT=20K, and for tropical range T s from 24 to 30° C, ΔT=2K and 1K. As we noted above the air relative humidity plays important role, especially in the tropics. If we decrease there r from 80% to 70° the Bowen ratio would increase in 1.5 times.
Such an increase may happen in Easterly waves in Atlantics bringing dry air from Sahara [1] .
The high IAV winds not only take away the heat content from the upper mixed layer, UML, of the ocean but stir it additionally. If UML is H=50m deep with the (flux) out of it F=1kWm -2 during one day, t 1 , it would cool by 0.43 K.
Quite often few degree of cooling of UML is observed after a TC passage which means that this layer is mixed down to the thermocline by high surface waves breaking bringing up colder deep waters. This means that good TC, and PL, prediction models must have a deep enough block for the ocean description and also for the wind surface a waves. The colder surface waters would decrease T  , the surface air temperature difference, diminish the enthalpy fluxes and weaken the vital feedback for IAVs.
Atmospheric stratification and penetrative convection
From the point of view by Gray [4] the most important condition for a TC origin is the static stability of the atmosphere. It is determined by the vertical air density gradient 2 2 ,, aa
where c a is the adiabatic sound velocity in an ideal gas, 
When a source of buoyancy at the lower boundary of a stably stratified fluid layer starts to act, then a convective boundary layer develops. Its height increases with time t as [21-23]:
This expression should also take into account the entrainment from above of the ambient air which would increase r.h.s. of eq. (23) by some 20% [22, 23] . The typical values of
. It is about -K 6.5 km at low latitudes and -K 5.5 km at high latitudes [28] .
In the first case 

. Higher internal wave frequency means that penetration of convective patterns at high latitudes is some 25% slower than at low latitudes.
We know time of development for both TC and PL. The height of these IAV s is correspondingly 15÷18 km and 5÷6 km. Accepting these two conditions we may estimate what kind of thermodynamic disequilibrium is necessary to reach the observed tops of the vortices in the prescribed time, using (23):
with the buoyancy flux expressed by eq.(12) and the wind speed by eq. (20) . From the eqs. (24) , or (23), we have
where A does not depend on the disequilibrium conditions.
If we take In [13, 14] there are also velocity, estimates for IAVs using the boundary layer energy balance [24] which is independent from Coriolis parameter. These estimates for conditions used for construction of our Fig.4 and 5 give results within 20% of the presented above on these figures. However, the last estimates require more ad hoc parameters and therefore suffer more uncertainties.
Problems associated with IAVs origin
The potential area should be large enough or at least greater than the scale of a generated vortex d presented by eq. (18) . The necessary homogeneity of the water surface temperature leads to a condition
where x is the horizontal coordinate.
The condition of the small vertical wind shear [4, 5] can be written as
where dvp t is the time of the vortex development and
is the ambient wind velocity difference between the lower and upper parts of the developing vortex. These two conditions are enough for the energy supply to feed the development of the vortex, which should not be sheared apart.
Emanuel [7] noted in his review that there could be several mechanisms for the origin of a TC. The observations show that TC is always originating from a tropical depression, TD. But only a small part, about one tenth, of them may develop a hurricane. TD s are accompanied by developing vortical hot towers, VHT, reaching the tropopause and 20 to 30 km in diameters.
The analysis of satellite images of TD s preceding the formation of a TC, shows that normally there are about 20-30 VHT in a TD. But to develop a TC there should be more VHTs, about 30÷40 as revealed the analysis in 1980s at the Colorado State University. In the extensive series of computations [30] [31] [32] it was demonstrated how VHTs develop, acquire initial vorticity, and merge by bringing in this way the planetary angular momentum of the ambient air from thousands of kilometers away. In [14] one can find an analysis of vorticity balance at merging 40 VHTs with their initial azimuthal velocities of only 0.5 m/s may produce a TC with the maximum velocity of 40 m/s at the distance of 50 km from the center of the TC. There is a review [14] of theoretical works in hydrodynamics on the process of merging vortices of the same sign.
The presence of an initial vortex [4, 5] , or forming it at an initial stage of a TC generation is a very important condition. For instance the cyclone over Black Sea (Fig.2) at the end of September 2005, successfully modeled in [34] by a MM5 model, could not be formed without such a vortex brought in by Balkan cold air. Such a necessity was also clearly demonstrated by a series of the 3D high resolution computations initiated by Montgomery (see [32] and references therein). It was shown there that the full extent of the wind-induced surface heat exchange follows the stage of the initial vortex formation which could start even at the nominal trade wind velocities of order 10 m/s. This vortex is intensified by locally buoyant VHTs and near surface convergence induced by them within the boundary layer.
A number of numerical studies [33] [34] [35] reveal that a TC may be formed from a random convection patterns without systematic initial winds if the integration is long enough, 5÷15 days. Most of these computations assume initial temperatures and its and humidity profiles from [36] where T s =28°C. It is due to cooperative interaction between large-scale moisture in the troposphere, locally enhanced sea-surface fluxes leading to aggregation of convection [33] , in other words merging of VHTs.
There is a hope that during nearest year's extensive high-resolution computations together with specially organized field campaigns would clarify the ways for TCs formation, possibly not just one way.
We see that TCs may be formed at temperature difference of a fraction of a degree and small static stability of the atmosphere, for which we should know rather precisely the temperature and humidity profiles in the boundary lager. All these is unattainable with the present satellite instrumentation and data retrieval techniques. This suggests that operational forecast of place and time of a TC origin is a matter of a distant future, if possible at all. What present weather forecasting operational models can perform that to follow the track and intensity evolution of a TC. The precision of the performance is improving but its further improvement is highly desirable. With PL s the situation is better: when cold polar air masses intrude over open water and temperature difference between air and water surface is 20-40K the disequilibrium is striking and forecasts are easier.
Importante question is what would happen to TCs in a warmer climate. This is one of the most important areas for IPCC kind of studies. There is a large number of papers already, starting with [37] analyzing empirical evidence. It is concluded that if the number of TC s may not increase but their destructiveness proportional to U 3 is increased during the last 30 years when signs of global warning became obvious. There are several modeling studies, e.g. [38, 39] but model result are still inconclusive for a global number of TCs, especially for various basins: Atlantics, Pacific, etc. Though the areas with 3 26 TC   are greatly increasing the other conditions essential for a TC formation may change. At the moment a general result of [37] may be valid but one should wait for more conclusive results in the 5 th IPCC Report in 2014.
Conclusions
The intense atmospheric vortices considered here evolve from the thermodynamic disequilibrium between ocean and atmosphere, therefore their global monitoring could be done by satellites. The sizes of these vortices decrease in general to higher latitudes due to the earth rotation.
The static stability of the atmosphere also plays a role, increasing with latitudes. Some necessary conditions for their generation are described here revealing that the present remote sensing systems are not able to present necessary precision for determining the time a place for formation, especially for a TC. Therefore the observation of construction codes and warning systems must be in operation to reduce greatly the damage.
Global warning poses an important question on the evolution and behavior of these vortices in future: would their number increase together with their destructiveness? The present understanding, before the IPCC5 report in 2014, is that the number might still be under one hundred but the winds in them could be higher. Therefore the numerical modeling with higher than 1 km resolution is required. At present the improvement is urgent of weather prediction operational models in following the trajectories and evolution of these vortices.
